INTRODUCTION
Leucocytes have much to offer to the student of cell locomotion. Neutrophil leucocytes are easily available in high purity and good yield as suspensions of single cells. They move rapidly and show good chemotactic responses, the study of which has been stimulated greatly by the identification of the synthetic, chemotactic formyl peptides (Schiffmann et al. 1975; Showell et al. 1976 ) and of their associated receptors (Williams et al. 1977; Aswanikumar et al. 1977) . Much is now known about the biochemistry of these receptors and their associated signal transduction apparatus (Snyderman, 1984) . Behavioural studies have also made progress, albeit more slowly, and in this review I shall discuss some recent findings on behavioural responses of leucocytes to environmental stimuli and their implications for the accumulation of these cells at inflammatory foci. Though chemotaxis is probably the most important determinant of this accumulation, the role of other responses such as chemokinesis, contact guidance, etc. is not negligible and needs to be discussed.
The major classes of leucocyte are the neutrophil (or polymorphonuclear) leucocyte, the mononuclear phagocyte (monocytes and macrophages) and the lymphocyte. Locomotion and chemotaxis have been best studied in neutrophils, but we also know something of locomotor behaviour in the other classes. Locomotion of leucocytes in vivo is chiefly thought of in the context of inflammation, immunity and defence against infectious disease. The cells accumulate at the site of tissue injury by leaving the bloodstream and migrating through the intervening tissues. In different types of inflammatory disease characteristic accumulations are seen, predominantly of neutrophils in acute bacterial diseases, and of macrophages and lymphocytes in chronic inflammatory disease associated with specific immune reactions (e.g. delayed-type hypersensitivity). Neutrophil locomotion in vivo allows rapid recruit ment of cells to sites of tissue injury. Mononuclear phagocytes and lymphocytes also migrate into these sites, in which they accumulate more slowly than neutrophils, but they show additional, ill-understood patterns of migration. For example, blood monocytes move into normal uninjured tissues, e.g. lymphoid tissues, the liver and spleen, serous cavities, the pulmonary alveoli, the skin, bone (osteoclasts), etc., where they differentiate into macrophages whose function within each tissue is specialized. Lymphocytes recirculate between blood and lymph, a unique migratory pathway that requires them to traverse the specialized high endothelial venules (H EV ) of lymphoid tissue (Ford et al. 1978; Parrott & Wilkinson, 1981; Jalkanen et al. 1986 ). This migration may involve separate signals and possibly different cells, from migration across non-specialized endothelia into inflammatory tissues.
The following categories of leucocyte behaviour, some of which were defined by Keller et al. (1977) will be discussed: (1) the intrinsic locomotor capacity of the cells;
(2) chemokinesis; (3) chemotaxis; (4) contact guidance and other forms of contact behaviour. These terms will be used in the sense defined by Keller et al. (1977) .
INTRINSIC LOCOMOTOR CAPACITY: CELL MATURATION AND LOCOMOTION
It is obvious that the cells that leave the blood and accumulate in inflammatory foci must have locomotor capacity. Leucocyte precursors may lack this capacity and acquire it during maturation.
Neutrophils
In vitro over 95 % of blood neutrophils become polarized and move within a few minutes of challenge with an optimal concentration of chemotactic factors such as formylMet-Leu-Phe (FM LP) or C5a (Shields & Haston, 1985) . This locomotor capacity is acquired during maturation in the bone marrow and before neutrophils leave it for the bloodstream. The promyelocyte line HL-60 is non-motile. Agents such as dimethylformamide or dimethylsulphoxide induce maturation of HL-60 cells to mature neutrophil forms. They acquire increased numbers of chemotactic factor receptors as they mature and concomitantly acquire locomotor capacity (Niedel et al. 1980; Fontana et al. 1980) . Similar findings have been reported with developing myeloid cells from normal bone marrow (Giordano et al. 1973; Rabinovitch & de Stefano, 1978) . Locomotor capacity is absent in myeloblasts but is acquired during the myelocyte and metamyelocyte stages of development.
Monocytes and macrophages
Several reports indicate that a subpopulation of about 60% of blood monocytes carries receptors for FM LP, C5a and other chemoattractants (Falk & Leonard, 1980; Cianciolo & Snyderman, 1981) and that the remaining 40 % lack these receptors and therefore presumably constitute a non-motile population. Results from our labora tory (Islam, 1987) , however, suggest that over 85 % of blood monocytes can be induced to move by mixtures containing one or more of the above defined attractants together with unidentified factors found in activated serum. We therefore think that most blood monocytes are motile, but that a minority of them respond only to undefined factors.
Tissue macrophages also are heterogeneous in respect to locomotor capacity. The 'resident' population of mouse peritoneal macrophages is poorly motile. Less than 20% of these cells respond to chemotactic gradients from Candida albicans spores, whereas, after intraperitoneal injection of an inflammatory stimulus (thioglycollate) over 70 % of the macrophages taken 4 days later are motile in the same assay (Wilkinson, 1982a) . These inflammatory macrophages are newly recruited from the blood monocyte population. Macrophages in many tissues are described as sessile and have formed firm attachments with nearby cells. Cells such as Kupffer cells, which line the hepatic sinusoids and pick up particles from the blood flowing past, perform this function without any requirement to translocate.
Lymphocytes: locomotor capacity and activation o f growth
Many observations both in vivo and in vitro suggest that unactivated small lymphocytes from the lymphoid tissues of unprimed animals or from normal blood are mostly non-motile in vitro, either because they lack locomotor capacity or because specialized stimuli, such as those that cause them to cross H EV in vivo, are needed to activate locomotion. In recent studies (Wilkinson, 1986; Wilkinson & Higgins, 1987a) , we were unable to induce polarization or locomotion into collagen gels of more than 40% of human lymphocytes freshly separated from blood. However, following antigenic or mitogenic challenge, the growing lymphocytes, e.g. cells from mouse lymph nodes draining the challenge site, showed high motility, (Wilkinson et al. 1977; Shields et al. 1984) . When human blood lymphocytes were cultured in the presence of mitogens (PHA, etc.) or antigen (PPD), up to 80 % of the cells acquired locomotor capacity during the next 48 h. This acquisition of locomotor capacity was inhibited by inhibiting protein synthesis (cycloheximide) but unaffected by inhibiting D N A synthesis (mitomycin). Two subpopulations of cells were observed. One remained small and non-motile and showed little synthesis of R N A or protein. These cells presumably lacked the capacity to respond to the activator under study. The other consisted of growing cells synthesizing R N A and protein (Fig. 1) . The latter cells showed polarized morphologies and were able to invade collagen gels. These results suggest that activators that cause lymphocytes to enter the cell cycle also activate locomotor capacity. This activation is evident during the first 24 h of growth, while the cells are in G\ (Fig. 2) . Cyclosporin A, a drug that inhibits expression of m R N A for certain lymphokines during G\, also inhibits mitogen-induced locomotor activation (Wilkinson & Higgins, 19876) .
Among the most interesting activators of lymphocyte locomotion are monoclonal antibodies (OK T 3) against the cell-membrane CD3 (T3) protein (Wilkinson & Higgins, 1987a ). This protein is non-covalently bound to the T-cell antigen receptor, A* and activation through CD3 may be a good model for antigen-stimulated lymphocyte activation. CD3 is believed to transduce activation signals delivered when antigen binds to its T-cell receptor. It is phosphorylated on stimulation of the cells, both with phorbol esters that stimulate protein kinase C, and with antigen (Cantrell et al. 1987) . W ithin 24h of stimulation with anti-CD3, most of the T cells of human blood have increased in size, become polarized and motile (Fig. 2) . Anti-CD3 antibody (OK T 3) activates locomotor capacity in T cells only in the presence of Fc-receptorpositive cells (FcR + ), to which the Fc portion of the antibody binds, thus crosslinking the T cells to the FcR + cells (Wilkinson & Higgins, 1987a) . Cell-cell contact is required for the activation of locomotor capacity. By the same token, it is likely that antigen-activated locomotion requires binding of the T-cell antigen receptor to a cellsurface bearing self-MHC + antigen, as is the case for other antigen-driven forms of lymphocyte activation.
Many reports suggest that the lymphocytes that enter inflammatory sites in vivo are mainly activated cells and the findings outlined above are consistent with this.
Stimulation with mitogen in vitro, and by implication with antigen in vivo, yields a population of motile lymphocytes with high locomotor capacity, which are available for recruitment into immune lesions. Note that specific mitogens recruit only the populations they activate, e.g. anti-CD3 recruits T cells, whereas B-cell-specific mitogens such as the Cowan Staphylococcus activate locomotion in a predominantly B-cell population (Wilkinson & Higgins, 19876 ' (Allan & Wilkinson, 1978) , which is probably typical of all tissue cells (Gail & Boone, 1970) . The speed of locomotion is concentration-dependent, thus the locomotor reaction to the stimulus can be classified as orthokinesis. The turning frequency of leucocytes (klinokinesis) may also be modified by attractants (Keller et al. 1984a) and at high concentrations of formyl peptide neutrophils show exaggerated turning behaviour (Shields & Haston, 1985) , but this may reflect the inability of the cells to distinguish between different signals at these high concentrations rather than an intrinsic property possessed by cells moving under ideal conditions.
While the generalization that all chemotactic factors are also orthokinetic factors may hold (I should be surprised if there were exceptions to it), the reverse is not the case. Agents may affect cell speed without being chemotactic factors. Obviously many physical factors such as the adhesiveness of substrata, temperature, etc. affect the speed of cell movement without influencing its direction. Other agents alter cell speed by biochemical mechanisms that by-pass cell surface receptors. For example, colchicine causes polarization of a high proportion of leucocytes, and these cells become motile and will invade three-dimensional collagen gels. However, colchicine does not cause leucocytes to orientate if presented in a gradient. Polarization induced by colchicine and other microtubule-depolymerizing agents (including chilling) develops slowly in both neutrophils (Keller et al. 19846) and lymphocytes (Wilkinson, 1986) , suggesting an intracellular action, presumably on microtubules.
It is not at all clear why preventing microtubule polymerization should, in the absence of any other stimulus, cause leucocytes to change from a spherical to a polarized shape and to move. This seems to mimic the activity of chemotactic factors, but from an intracellular signal, so that the cell gains no directional information.
As long as the concentration of a chemokinetic agent remains uniform, no accumulation of the cell population will ensue. The average displacement of the cells of the population will be greater or smaller as the absolute concentration of the attractant is changed, but since the direction of the cells is random, there will be no net displacement of the population from its source other than that due to statistical fluctuation. However, where the concentration of a chemokinetic agent is anisotro pic, cell accumulation can result even in the absence of chemotactic cues. This is illustrated by experiments in which the behaviour of neutrophils was studied at a boundary between two fields differing in chemokinetic properties (Wilkinson et al. 1984) . Coverslips were coated with bovine serum albumin (BSA) providing a surface that is favourable for cell locomotion. Then across the midline of each coverslip was streaked a strip of IgG-anti-BSA to form a sharp linear boundary between BSAcoated glass and BSA-anti-BSA immune complex-coated glass. Neutrophils were seeded onto the surface and their behaviour was studied by filming fields crossed by the boundary. Locomotion was analysed by tracking, and a computer program was used to calculate the true speed (S) of the cells and their persistence index (P ) as measures of orthokinesis and klinokinesis, respectively. The displacement (R ) can be calculated directly from P and 5 : 2S 2P = R. The justification for this was presented by D u n n (1983) and the procedures were described by Wilkinson et al. ( 1984) . These experiments showed that 5 was higher on BSA than on the immune complexes, but there was no difference in P on the two sides of the boundary. Because cells crossing from the BSA to the immune complexes slowed down, their likelihood of crossing back was reduced and gradual accumulation of cells on the immune complexes was observed. The mechanism was increased adhesiveness on the immune complexes.
Neutrophils bear Fc receptors capable of binding to the substratum-bound IgG and, on immune-complex-coated surfaces, these receptors become redistributed to the under surface of the cell (Michl et al. 1979 ). This can be tested by an Fc-rosetting assay. The neutrophils on the BSA coat formed rosettes with IgG-antibody-coated sheep red cells, but the neutrophils on the immune complexes, which no longer had available Fc receptors on their dorsal surfaces, failed to form rosettes (Fig. 3) .
In this example, cells accumulated where they were moving most slowly, due to a difference in the adhesive properties of the substratum on the two sides of the boundary. This is probably relevant to situations that occur in vivo, since neutrophils are known to accumulate at sites of immune complex deposition, for example in the joints in rheumatoid arthritis or on the glomerular capillary basement membrane in glomerulonephritis. In the latter situation, cells flowing in the blood are likely to attach, and we showed similar attachment of neutrophils flowing at a regulated rate across an immune-complex-coated surface in a chamber in vitro (Wilkinson et al. 1984) . This 'adhesive trap' mechanism for cell accumulation would be enhanced if serum were added to the system, since immune complexes activate complement and a chemotactic gradient across the boundary would be generated. In our serum-free system, no chemotaxis was present and cell accumulation could be ascribed purely to differences in cell speed on either side of the boundary.
CHEMOTAXIS
Chemotaxis is a special form of locomotor response to chemical signals in which the responding cell becomes oriented in, and moves up, a concentration gradient of an attractant. The same attractant present in isotropic concentration activates locomotion through the same biochemical pathways, but without providing an external bias, so that in this case locomotion is random in direction. Thus attractants are not only chemotactic factors but also chemokinetic factors, and in addition activate a wide range of cell functions unrelated to locomotion (Wilkinson, 19826) . Study of attractant-induced locomotion in neutrophils and monocytes is greatly facilitated by the availability of several well-defined attractants such as the formyl peptides, leukotriene B4 and C5a. These factors do not stimulate locomotion in lymphocytes, attractants for lymphocytes are not well-defined nor is lymphocyte chemotaxis well understood. The ensuing discussion is concerned exclusively with neutrophils.
Leucocytes probably do not move unless stimulated to do so by an external signal. When purified carefully, blood neutrophils remain spherical (Shields & Haston, 1985; Haslett et al. 1985) . If a chemotactic factor is added at optimal concentration (e.g. 10~sM-FMLP), >95% of these neutrophils take up a typical, polarized locomotor morphology within the next few minutes (Zigmond et al. 1981; Smith et al. 1979; Shields & Haston, 1985) . On an appropriate surface, the cells then move in a direction determined by this anteroposterior polarity. Morphological polariz ation is accompanied by forward redistribution of cell-surface receptors, both those specific for the activating chemotactic ligand (Sullivan et al. 1984) and other receptors such as Fc and C3b receptors (Fig. 4) , and, in lymphocytes, Thy-1 (Walter Fig. 4 . Redistribution of Fc receptors to the leading edge of a polarized human blood neutrophil. Cells were allowed to polarize for 30m in in 10-8M-FMLP at 37°C, then rosetting with IgG-antibodv-coated sheep cells was carried out at 0°C for 60m in. (From W ilkinson et al. (1980) .)' et al. Wilkinson et al. 1980; Shields & Haston, 1985) . All of these events take place, not only in gradients, but also in isotropic concentrations of ligand. Therefore, cell polarization and subsequent locomotion cannot be responses to a gradient perse.
The most likely explanation of this is that the cell responds by polarizing in the direction of the first hit by the ligand, provided the ligand concentration is low enough for the cell to distinguish between a first and subsequent hits. If the ligand concentration is isotropic, the first hit by ligand on the different cells in a population will be random in direction, and the polarization of the different cells in response to that ligand will also be random in direction. Thus the polarization response is stochastically determined. This being so, it follows that cells orient and move up chemotactic concentration gradients, because the first contact with ligand is statistically most likely to be on the up-gradient side of most cells of the population, where the concentration is highest, so that most cells become polarized in that direction. The idea has been discussed more fully elsewhere that chemotaxis is more likely to be a stochastic process than to result from either a spatial or a temporal 'reading' of concentration differences by the cell (Shields & Haston, 1985; Wilkinson & Haston, 1988; Haston & Wilkinson, 1987) . This idea has the virtue of simplicity, since it requires of the cell neither spatial computations nor a memory. Adaptation would be required to prevent cells from responding to hits after the first hit. Once adaptation was lost, the forward receptor distribution would presumably increase the likelihood of further stimulation at the anterior pole. Bacteria adapt to chemotactic gradients, i.e. for a time after stimulation they are refractory to further signals but eventually recover responsiveness. It has been suggested that neutrophils also show adaptation (Zigmond & Sullivan, 1979) ; at high and uniform concentrations of ligand (e.g. 10-6m-FMLP: well above the/Q ) neutrophils seem unable to adapt, but put out several pseudopods at different points (Shields & Haston, 1985) . Presum ably, at these concentrations many ligand molecules bind simultaneously at different point on the cell surface so that the cell is unable to distinguish a first hit. Even after prolonged exposure to attractants at these concentrations, the cells never establish a well-defined anteroposterior polarity.
Neutrophils migrate up chemotactic gradients in straight paths with few and narrow turns (Zigmond, 1974; Allan & Wilkinson, 1978) . This is an excellent mechanism for tracking microorganisms and for accumulation at sites of injury. The asymmetric distribution of receptors to the forward part of the cell will strengthen the chances of the cell continuing to respond to signals from the direction of the gradient source, and thus assist it to migrate up-gradient, but cells also need to respond to new gradients from new sources. Studies of neutrophils exposed to new gradients at the rear of the cell show that they frequently make U-turns, as would be expected of a cell whose receptors were concentrated at the front (Keller & Bessis, 1975; Zigmond et al. 1981; Gerisch & Keller, 1981) . However, if the new gradient from the rear is very intense, as was the case in some of the experiments of Gerisch & Keller (1981) with local gradients from formyl-peptide-filled micropipettes, the cell may protrude a new pseudopod at its rear end. Clearly some receptors must remain at the tail for this to happen (Sullivan et al. 1984) . Possibly, in polarized cells, the receptors are still able to diffuse, but some unknown mechanism favours concen tration of receptors in a forward position.
CONTACT GUIDANCE

Mechanisms
Contact guidance is usually understood to mean the locomotor response of cells to the curvature of the surfaces that they contact as they move, using the word curvature in a broad sense to imply all deviations from the planar (Lackie, 1986). The mechanisms are not clearly understood. Weiss (1934) originally suggested that cells moving along aligned protein fibres were responding to the molecular configuration of polymerized protein arrays, nevertheless most cell biologists nowadays consider contact guidance to be a response to physical, rather than chemical, properties of surfaces. D unn (1982) has reviewed postulated mechanisms, mostly based on work with strongly adhesive cells such as fibroblasts. On rigid surfaces, there are constraints on the deformability of adherent cells imposed by the curvature of the surface. On elastic substrata, such as connective tissue matrices, an adherent cell pulling at an angle on elastic fibres (e.g. those lateral to it) might distort these fibres more than fibres that it pulled in the axis of alignment of the fibre. In the latter case, since the fibre did not distort, traction by the cell would be more efficient and the cell would displace more efficiently (Dunn, 1981) . This could provide an explanation for the preferential locomotion of cells in the axis of fibre alignment, and has been termed 'anisotropic elasticity'.
It is perhaps not surprising that leucocytes show guidance, since many cell types show similar responses to axial anisotropy of the surfaces on which they move. The fact that leucocytes do show guidance may have some relevance to the mechanisms, mostly based on adherence, that have been suggested for guidance, since neutrophils form much weaker adhesions to substrata than fibroblasts do; and lymphocyte adherence is weaker still. We observed contact guidance of leucocytes moving through aligned gels of collagen or fibrin (Wilkinson et al. 1982) . Neutrophils showed a clear preference for locomotion in the axis of alignment of threedimensional (3-D) gels. They showed no guidance on dried-down aligned twodimensional (2-D) collagen surfaces, suggesting that the cells were not simply responding by preferential adhesion along the line of the oriented fibrous polymer. Moreover lymphocytes completely failed to adhere to, and did not move on, 2-D aligned polymers, whereas they showed excellent contact guidance in 3-D gels. This suggested that an adhesive mechanism for guidance of leucocytes was rather unlikely, since the locomotion of lymphocytes in gels (Haston et al. 1982 ) is probably independent of adhesion, and the cells put out blebs into gaps in the gel, which they perhaps use as fixed traction points for movement. Neutrophils in gels probably use similar mechanisms (Brown, 1982) .
The reaction of leucocytes to elastic substrata was studied on elastic collagen films prepared by drying collagen gels and then aligning them by tension (Haston et al. 1983) . Fibroblasts became oriented along the axis of stretch of these films, but did so poorly if the films were attached to glass slides and chemically fixed to reduce their elastic properties. Neutrophils failed to orient on aligned elastic collagen films, but did so within aligned 3-D gels. These findings suggest that fibroblasts, but not neutrophils, are responsive to the elastic properties of the substratum. The difference between the two cell types seems likely to be related to differences in the strength or duration of their adhesion to the substrata studied.
Contact guidance and chemotaxis
Contact guidance has obvious implications for accumulation of cells in inflamma tory lesions. The tissues that these cells must traverse are patterned. Connective tissue in the body is normally under tension and therefore aligned. Other tissues have much more complex geometry. An obvious question to ask is what effect guidance in aligned tissues has on the ability of leucocytes to respond to chemotactic gradients. We tackled this by setting up gradients of FM LP in aligned fibrin gels using the assay shown in Fig. 5 and studied the behaviour of neutrophil leucocytes: (1) moving up a gradient parallel to the guidance field, and (2) moving up a gradient at right angles to the guidance field (Wilkinson & Lackie, 1983) . The result of an experiment of this sort is shown in Fig. 6 . Clearly, migration towards the FM LP source is much more efficient in the axis of gel alignment than across it. Perhaps some of the observed differences in predisposition to infection in different tissues may result from differences in ease of recruitment of leucocytes, which have to traverse those tissues to reach the infection site.
The possibility that contact guidance of leucocytes is itself some specialized form of chemotaxis needs to be excluded, since leucocytes can release enzymes such as Fig. 5 . Schematic drawing to show how locomotion of neutrophils through aligned gels towards F M L P gradients was assayed. In field A, the gradient is parallel to the axis of gel alignment; in field B, it is perpendicular to it. Cells were filmed and their tracks analysed in both fields. (From Wilkinson & Lackie (1983) .) A. collagenase or plasminogen activator, which can degrade fibrous proteins, thus forming local gradients of breakdown products. There is indirect evidence that this is not so: in a sensitive assay, [3H]collagen peptide cleavage by collagenases released by neutrophils migrating in gels was undetectably low (Crocket & Lackie, personal communication) , and the presence of protease inhibitors such as a2M had no effect on neutrophil migration in gels (Forrester et al. 1983) . If chemotaxis were involved, then, since chemotaxis is characterized by polarization towards the gradient source, it should be found that lamellipodia are protruded more frequently in the axis of alignment of the gel than perpendicular to it. In fact, lamellipodium formation in an aligned gel was random in direction (Table 1) , which is not consistent with a chemotactic response. Lamellipodia advanced in the axis of alignment tended to persist, but when they were formed at right-angles to it their formation was often not followed by cell displacement in that direction. Though this might be explained on the 'anisotropic elasticity' hypothesis, we failed to show a response to elastic substrata in leucocytes. It is also possible that forward movement in the direction of a lamellipodium that has met a barrier is less likely than when there is no hindrance to forward flow. Contact guidance of leucocytes in aligned gels may result from nothing more than the fact that the sum of forces impeding movement perpendicular to the axis of gel alignment is greater than the sum of forces impeding movement parallel to that axis.
OTHER CONTACT BEHAVIOUR
Among other factors that are likely to contribute to leucocyte accumulation are contact interactions with other cells. These are essentially adhesive interactions perhaps more appropriately discussed in a symposium on cell adhesion than on locomotion. This is a large and complicated subject. Nevertheless, since these interactions are undoubtedly important for leucocyte locomotion in inflammation, I shall simply list them here with reference to appropriate reviews.
(1) Leucocyte interactions with endothelium. This is the initial event in inflam mation and of obvious importance. Changes in the neutrophil and the endothelial cell may both take place in vessels in inflamed sites. Lackie & Smith (1980) reviewed much of the work up to a few years ago, which suggested that changes in the properties of blood neutrophils may determine their capacity to bind to and to traverse endothelium. Since then a related family of leucocyte surface molecules has been shown to play a role in many adhesive interactions of leucocytes, e.g. with endothelium, in phagocytosis, in T-cell cytotoxicity and in other functions. These include LFA-1, the C3bi receptor (CR3) of neutrophils and macrophages, and gpl50,95, a neutrophil surface glycoprotein (Gallin, 1985) . Adhesive function is abrogated both by monoclonal antibodies to these molecules (Anderson et al. 1986) and, more importantly, in patients who lack them and who suffer from severe, recurrent infections (Anderson et al. 1985) . The specialized molecules that may be involved in lymphocyte adhesion to HE V have already been mentioned. There is also recent evidence that endothelial cells are rendered more adhesive for leucocytes by treatment, e.g. with LPS or interleukin-1 (Bevilacqua et al. 1985; Schleimer & Rutledge, 1986; Pohlman et al. 1986; Cavender et al. 1986 ). This is a burgeoning field in which rapid progress should be expected.
(2) Homotypic cell contacts. Addition of chemotactic factors to neutrophils causes reversible aggregation not only in vitro but also in vivo, for example, if C5a is generated within the circulation (e.g. in patients on haemodialysis) (Craddock et al.
1979).
(3) Contact inhibition. Leucocytes are invasive cells that might be expected not to show heterotypic contact inhibition type I, and there is experimental evidence to In a control experiment in a non-aligned gel, 76% of all lamellipodia were formed in the direction of an FM LP gradient, of which 86% were followed by locomotion in that direction.
show that they do not do so (Armstrong & Lackie, 1975; Lackie & de Bono, 1977; Lackie et al. 1985) . However, it is possible that contact between two moving cells (homotypic or heterotypic) may modify their locomotory behaviour in subtle ways. This has not been properly measured, partly because methods for doing so have only recently been described (Paddock & Dunn, 1986) . (4) Clustering o f immune cells. Induction of T-dependent immune responses requires contact of T helper cells with accessory cells that present antigen in association with syngeneic M H C . Obviously, for this to happen the relevant cells must find each other, though we do not know how this is done. The morphological concomitant of immune induction is clustering of lymphocytes around macrophages, which has been studied by a number of groups (McFarland et al. 1966; Lipsky & Rosenthal, 1975) . There is no information to suggest how this clustering takes place. Are chemotactic signals involved? In unpublished time-lapse filming studies of such cells responding to antigen or to mitogens, we did not demonstrate chemotaxis, but rather, clusters appeared to form between cells that met by random contact. This is a field in which some basic cell behaviour studies are needed to complement the molecular knowledge already available.
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